This paper uses a variance bounds test to see whether consumption is too sensitive to news about income to be consistent with a standard permanent income model, under the maintained hypothesis that income has a unit root.
L Introduction
A standard rational expectations version of the permanent income model of consumption implies that the unanticipated component of consumption equals the unanticipated change in the expected present discounted value of labor income (Flavin (1981) ). Flavin's (1981) and Kotlikoff and Pakes's (1984) tests, however, indicated that post World War II aggregate U.S. consumption responds too strongly to news about income for this model to be correct. Flavin (1981) , for example, found that the consumption response to an income innovation was over three times the value predicted by the model. Flavin (1981) and Kotljkoff and Pakes (1984) accounted for the observed upward movement in per capita income by detrending their income series. Mankiw and Shapiro (1985) have pointed out that if income has a unit root with drift rather than a time trend, then the use of time trends in empirical tests will tend to spuriously suggest excess sensitivity of consumption to income.
Mankiw and Shapiro left open the question of whether or not consumption is
excessively sensitive, if in fact income has unit root. Deaton (1986) has argued that if such is the case, there is some evidence that consumption is in fact less sensitive to news about income than the model predicts--precisely the opposite conclusion that is reached when detrending is used. This paper uses a variance bounds test to consider in detail the issue of the sensitivity of consumption to news about income, largely under the maintained hypothesis that the income process has a unit root. In section 2, I develop the implications of the model for the relationship between the relevant consumption and Income variances. All of the papers cited in the previous paragraphs assumed that the representative consumer uses only lagged income to forecast future income, and exploited the resulting prediction that the unanticipated consumption component is equal to a certain function of the innovation in the univariate income process. This implication will not hold, however, if the representative consumer uses additional data, such as say, tax or labor market variables, to forecast his income. In this case, the variance of the relevant consumption component will be less than the variance of this function of the univariate innovation. One can, however, use just consumption and income data to calculate precisely how much less variable consumption should be, and thus determine whether consumption is in fact too smooth.
In section 3, the paper uses some post World War II quarterly data to test both the inequality and equality derived in section 2, under the assumption that income has a unit root. As in the estimates reported in Deaton (1986) , it is found that the relevant consumption variance is indeed less than the relevant income variance. The evidence does not strongly suggest, however, that this implied insensitivity of consumption results from additional information used by the consumer to forecast income. In various ARIMA specifications for the univariate income process, the point estimate of how much less variable consumption should be, given the consumer's superior information, is never more than a third, and is usually less than a tenth, of the point estimate of the difference in the variances. Neither wealth shocks nor white noise transitory consumption help explain the residual difference.
The difference is significantly different from zero at the 5 per cent level in almost all specifications. This means that allowing for a unit root in the income process implies that the aggregate data are not quite as inconsistent with the permanent income model as is suggested when one allows instead for a time trend (Plavin (1981) ).
On the other hand, the model by no means comfortably characterizes the data.
It would seem that if one accepts the unit root specification, consumption is even smoother than the model predicts.
A final introductory word is appropriate, on why variance tests are useful in studying the permanent income model. An alternative would be to test the cross-equation restrictions of the model. Hansen and Sargent (1981) Indeed, one can show that unpredictability of changes in consumption implies the variance inequality studied here.
The additional power of the tests of cross-equation restrictions does not, however, seem to be of critical importance in studying the permanent income model. Tests of the model have tended to suggest that whether or not one detrends, the model can be rejected by formal statistical tests (e.g., Blinder and Deaton (1986 ( ), Campbell (1985 , Christiano, Eichenbaum and Marshall (1987 ), Flavin (1981 ), Hall (1978 , Nelson (1985) , Watson (1986) ). It is natural, then, to ask what stylized facts about consumption appear to be inconsistent with the model. In this connection, a variance test can be very revealing. It suggests that if income has a unit root, there is not much appeal to the argument that consumption is excessively sensitive to news about income.
Rather, in future research that maintains the assumption of a unit root, it is important to allow for factors that tend to make consumption even smoother than the permanent income model predicts.
The Model and Test
The model is as in Flavin (1981) . It is assumed that consumption equals permanent income, with permanent income the infinite horizon annuity value of the sum of human and nonhuman wealth:
Here, c is consumption, r is the constant real interest rate, w. is nonhuman wealth at the beginning of period t, 'T is the annuity value of human wealth, is labor income, E(.IIt) denotes expectations conditional on the consumer's information set I' assumed equivalent to linear projections. Summations in (2) and throughout the paper run over j. When "income" is used without qualification, it. should be understood to refer to labor income Flavin (1981) showed that the model implies that the change in consumption equals the unpredictable change in the annuity value of labor income:
•.. be the information set determined by current and lagged labor income. Define tH r(1+r)'E(l+r)EYt+IHt. Let cij denote the variance of the innovation in tH' 4 = E(ytH_EytHIHt_l)2. computes the variance of c_rw-yH using the y, the estimates of the and i,., and, if q>0, the residuals from the estimates of the Ayt process, to compute tH for each t. This is then multiplied by the proportionality factor (1+r)2-1.
Emidrical results
The Blinder and Deaton (1986) data were used, and were kindly supplied by Angus Deaton. The data were real (1972 dollars), seasonally adjusted, and per capita, 1953:2 to 1984:4. The consumption data were for nondurables and services, excluding shoes and clothing. These data were divided by .7855, the mean fraction of such consumption in total consumption over this period, before any statistics were calculated.
Blinder and Deaton constructed separate series for labor income and disposable income. I measured rw1, income from nonhuman wealth, in two ways.
The first followed Campbell (1985) and set rw to the difference between the two income series. The second set w to the MPS series for household net worth, converted to real ( These are not reported, since the results were very similar, but are available on request.
As just noted, the test of the inequality and equality variance relations requires estimates of the parameters of the univariate process. This was done assuming that Ay follows an ARMA(p,q) process, with This wide variety of processes was used to make sure that the results were not sensitive to the exact specification chosen. The ARMA parameters were estimated by nonlinear least squares, with the presample disturbances set to zero. The
Monte Carlo evidence in Ansley and Newbold (1980) suggests that this technique has attractive small sample properties when roots are not near the unit circle, as appears to be the case in these data. All variances were calculated with the appropriate degrees of freedom adjustment.
The estimated parameter vector included not only the autoregressive coefficients, but all the variances that needed to be computed. The covariance matrix of the estimated vector was calculated using the methods of Newey and
West ( and (p,q)=(2,2), where the differences are significant at the 10 per cent level.
In sum, then, column 4 suggests that a2 is less than a, which is what the permanent income model predicts. Unfortunately, it appears from columns 6 and 8 that the implied insensitivity of consumption to news about income is unlikely to result purely from the use by the consumer of additional variables to forecast income.
The remainder of this section briefly considers two minor modifications to the model (l)- (3), and four technical modifications to the procedure used.
None of these appear likely to explain the insensitivity. The modifications to the model:
(l)Wealth shocks. Let us modify the budget constraint (3) to allow for shocks to wealth, say, unanticipated capital gains (Campbell (1985) ): w (l+r)wt_i + ÷ a, where a is a white noise random variable. This implies that equation (4) becomes Ac = yti-EytiIIt_i + rae. If the wealth shock a is negatively correlated with the innovation in the present value of labor income, then var(Ac) will be less than a. Such a shock therefore potentially explains the results in Table 1 .
To accomodate this possibility, subtract ra = r[wt_(l+r)w1_(y1_c1)J from Ace. This yields x -(y+rw_c)
One can then calculate the variance of x instead of act.
This was done for all the specifications in Table 1 . When the first measure of rw was used (difference between disposable and labor income), the estimates of were slightly higher than those reported in the column in If transitory consumption is uncorrelated with any of the variables used to forecast income, then var(Ac) = + var(linearly filtered transitory consumption) (see Flavin (1981) for the exact formula when transitory consumption is white noise) and so var(Ac) is bigger than For ARNA (1,0) and ARNA (0,1) processes, the permanent income model was used to generate one hundred artificial samples of consumption and income data of size 6 125 were generated. The ARNA parameters matched those reported in Table 1. For each sample, the relevant variances were estimated as described at the beginning of this section, and the estimated was calculated. There was a tabulation of the number of times this fraction was positive and less than that implied by the Table 1 estimates. This experiment, then, is intended to get an idea of how likely it is that the point estimates will suggest that 2 2.
only a fraction of the difference between and a is explained by the consumer having additional variables to forecast income, when in fact the entire difference is so explained.
The results are in (4)Using data from every fourth quarter, rather than every quarter. This obviously will reduce any biases induced by seasonal adjustment. it also may reduce any biases from moving average components due to time aggregation: if instantaneous consumption is a continuous time random walk, it is well known that measured cc1 is MACi) with a coefficient of 1/4 (Christiano and Eichenbaum (1986)); it is straightforward to verify that in such a case, measured cc4 is MA(1) with a coefficient of 1/22.
The relationship that was used to derive equation (6) The variance may be consistently (though inefficiently) estimated as [(l+r)2-l] times the sample variance of every fourth observation on c-rw-y;
can be consistently (though inefficiently) estimated as (1/4) times the sample variance of every fourth observation on c-c4. There does not appear to be any simple way of estimating the left hand side of (11) using every fourth observation. We have, however, urn > (l/n)var(y-y_)
(Cochrane (1986)). Consider approximating the left hand side of (11) The results are in Table 4 . The point estimates of are slightly higher than in Table 2 , indicating some positive serial correlation in The point estimates a2 are of course quite similar to the Table 2 estimates 
Conclusions
The variance bounds test applied here suggests that consumption is even less sensitive to news about income than the permanent income model predicts.
The test maintained the assumption that income has a unit root (although there was one nonparametric estimate that is valid even if income is stationary around a time trend). If, then, income does have a unit root, as is argued in Mankiw and Shapiro (1985) and Deaton (1986), a stylized fact is that consumption is insensitive to news about income. This does not suggest (to me) liquidity constraints, as is considered in, for example, Flavin (1985) .
Extensions of the model that seem more likely to be consistent with consumption insensitivity include nonseparability of preferences, so that consumption expenditures in a given period yield utility in future periods (e.g., Eichenbaum, Hansen and Singleton (1986)), costs of adjusting consumption (e.g., Bernanke (1985) ) and habit persistence (e.g., Deaton (1986)). Footnotes 1. Mankiw and Shapiro (1985) conclude this in the sense that one will tend to spuriously find that lagged income helps predict changes in consumption.
It follows from the sign of the biases reported in Table 2 in Mankiw and Shapiro (1985) , and from the algebra in Flavin (1981, p993) , however, that one will also tend to spuriously find excess sensitivity of changes in consumption to the income innovation. (1987) is worth noting. This is that arithmetic differences suffice to induce stationarity in all the variables in I. This is consistent with most of the permanent income literature. Exceptions are Nelson (1985) and Watson (1986) , who assume that log differences are required. Incidentally, if I. contains variables in addition to lagged y, the variance-covariance matrix of the consumption and income innovations will not be singular, a problem noted in Hall (1986).
One key technical condition used in West
3. See equations (9) to (11) below for the intuition behind the (l+r)2-1 term in equation (5). Equations (5) and (9) are established in West (1987) (although that paper only studies in detail the implications of the inequality for stock prices and dividends.) Incidentally, equation (5) 5. Another extension to the model deserves mention, namely, allowing for variations in expected returns. While this is a possible avenue for future research on consumption variability, this is not pursued here. The basic reason is that consumption models that allow for such variations still find evidence against the model (e.g., Grossman and Shiller (1981) ). This suggests that simply generalizing the model to allow for this variation will not reconcile the consumption and income data, especially since Michener (1984) has argued that in general equilibrium, this variation will make consumption more sensitive to income than the permanent income model predicts. Table 2 . A different random number seed was used to initiate the generation of the z id x for each of the four different specifications in Variables ," , 1982, 895-916) points out that under the Ricardian assumption that consumers expect future tax liabilities to be required to service government debt, a nonhuman wealth series should include government debt;
otherwise, one would have to adjust the labor income series for the decrease in human wealth that occurs when such debt is issued. and (p,q)=(2,2) since the nonlinear parameters did not converge after 50
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